SUPPORTING INFORMATION

S1. General Experimental Remarks
Chemicals and solvents were purchased from Alfa Aesar, Fluorochem, Tokyo Chemical Industry, Sigma-Aldrich, and VWR and used without further purification.
Powder X-Ray Diffraction (PXRD): PXRD measurements were carried out at 298 K using a PANalytical X'Pert PRO diffractometer (λ (CuKα) = 1.5405 Å) on a mounted bracket sample stage. PXRD patterns were predicted from single crystal structures using Mercury 3.9. S1 (University of Glasgow) Pawley fitting was obtained using the Reflex tools in CrystalClear-SM Expert 3.1 b27 S2 and processed with CrysAlis PRO 1.171.38.41.
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Thermogravimetric Analysis (TGA): Measurements were carried out using a TA Instruments Q500 Thermogravimetric Analyser. Measurements were collected from room temperature to 800 °C with a heating rate of 10 °C/min under an air atmosphere. (University of Glasgow)
Nuclear Magnetic Resonance Spectroscopy (NMR): NMR spectra were recorded on either a Bruker AVIII 400 MHz spectrometer or a Bruker AVI 500 MHz spectrometer and referenced to residual solvent peaks. (University of Glasgow)
Gas Uptake: N 2 adsorption and desorption isotherms were collected at 77 K using a Quantachrome Autosorb iQ gas sorption analyser. Samples were degassed under vacuum at 170 °C for 12 hours using the internal turbo pump. BET surface areas were calculated from the isotherms using the Micropore BET Assistant in the Quantachrome ASiQwin operating software. 
S2. Synthesis and Modulation of 1
The naming scheme and formulae of the MOFs reported in this study are summarised in Table S1 alongside a structural representation of their bridging organic ligands. The ligands used for construction of the MOFs (4,4′-biphenyldicarboxylic acid (bpdc) and 2,2′-bipyridine-5,5′-dicarboxylic acid (bpydc)) were purchased from commercial suppliers and used as received. Elemental analysis results supplied by Alfa Aesar for the scandium(III) nitrate hydrate were consistent with a tetrahydrate. Table S1 . Naming scheme and formulae of the MOFs reported during this study. The chemical structures of the ligands are given alongside their abbreviations.
Initial attempts to synthesise 1 were performed under a variety of conditions where the modulator was varied. Syntheses were carried out either with no modulator or with the addition of hydrochloric acid, acetic acid (AA) or L-proline. The resulting materials are herein named 1, 1-HCl, 1-AA and 1-L-proline to reflect the modulator (or lack of) added to their respective syntheses.
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Synthesis and Modulation of 1
Scandium nitrate hydrate (0.085 g, 0.28 mmol, 1 eq), bpdc-H 2 (0.068 g, 0.28 mmol, 1 eq) and N,N-dimethylformamide (DMF) (6.25 ml) were added to a 25 ml PYREX reagent bottle. If required the modulator was added (Table S2) , the jar was sealed and sonicated to aid homogeneous distribution of the reagents. The resulting white suspension was placed in the oven at 120 °C for 24 hours. The bottle was removed from the oven after this period and allowed to cool to room temperature. The powder was collected by centrifugation then left to stand in fresh DMF (10 ml) overnight. The product was collected by centrifugation and the DMF was exchanged for acetone. The acetone was exchanged 3 times over 3 days. The product was collected by centrifugation and placed in a vacuum desiccator to dry. Figure S1 ). , and this is evident upon comparing the predicted PXRD pattern of MIL-126(Fe) (from the single crystal structure, 1-pred) with the experimental PXRD pattern of 1-HCl ( Figure S2 ). The close agreement between the patterns, even to high angles of 2θ, suggests that 1 has the overall formula [Sc 3 O(H 2 O) 2 (bpdc) 3 X] n (X = OH or Cl) although this is unsurprising since Sc and Fe are well-known to form structurally identical MOFs. S9-S11 To confirm that 1 is indeed two-fold interpenetrated, a comparison was made between the PXRD patterns of 1-HCl and S8 both the predicted pattern from the crystal structure of MIL-126(Fe) and a pattern predicted from the same crystal structure but with one of the two nets removed (i.e. a noninterpenetrated structure, Figure S3 ). To confirm the purity of the material, Pawley fitting was applied to 1-HCl ( Figure 3 , main manuscript), which confirmed that the material adopts the two-fold interpenetrated, tetragonal MIL-126 structure. Therefore, 1 forms a rigid structure, and the two-fold interpenetration in 1 is expected to increase its structural stability as the increased rigidity strictly limits breathing and subsequently prevents pore collapse.
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S4. Physical Properties of 1
N 2 adsorption and desorption isotherms were collected at 77 K to determine the porosity of the MOFs. The samples were activated by heating at 170 °C for 20 hours under vacuum. The two-fold interpenetration of 1 imparts suitable structural stability to allow the samples to be activated and varying levels of porosity were observed depending on the modulator added during synthesis ( Figure S4 ). Table S3 . The addition of modulators to the synthesis of 1 results in a range of BET areas, with all three modulated materials having higher surface areas than the material synthesised in the absence of a modulator. 1 745
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1-HCl 1680
1-AA 1345
1-L-proline 1405
The mesoporosity of 1-AA is unexpected, however, an extra step is observed in its TGA profile and extra peaks are visible in its PXRD pattern, and together this suggests that the material is defective and likely contains acetate-capped Sc 3 O secondary building units. Poresize distributions were calculated (cylindrical pore, QSDFT, equilibrium model, N 2 on carbon at 77 K) for the different samples of 1 ( Figure S5 ). 
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Pore-size distribution analysis shows that the samples of 1 all contain their main pore around ~8-9 Å irrespective of the modulator used, while 1 and 1-L-proline also contain small pores around ~6.6 Å. As expected, based on the N 2 adsorption/desorption isotherms 1-AA contains a mesopore around 37 Å in diameter ( Figure S5 inset).
To further investigate the gas uptake behaviour, grand canonical Monte Carlo simulations were used to predict N 2 uptake isotherms for 1 (assuming two-fold interpenetration) as well as a non-interpenetrated analogue. Figure S6a and S6b show the Type 1 adsorption isotherms on linear and semi-logarithmic representations, respectively. The simulated isotherm for 1 overpredicts the N 2 saturation loading measured for 1-HCl by approximately 25%, suggesting that the porosity may not be completely activated for 1-HCl, or the existence of amorphous non-porous phases, but crucially shows that the experimental uptake of 1-HCl does not exceed the predicted maximum capacity of a two-fold interpenetrated structure. The simulated isotherm for the non-interpenetrated analogue of 1 shows a much larger pore volume, pore size and adsorption capacity, as would be expected ( Figure S6b ). It is also clear that the shape of the simulated isotherms differ in the fact that the adsorption starts at lower relative pressures for 1 compared to 1-non-interpenetrated, suggesting that 1-HCl is indeed two-fold interpenetrated. isotherm of 1-HCl with the GCMC simulated isotherm for 1, and the structure with one net removed (i.e. non-interpenetrated) on a logarithmic scale at 77 K.
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TGA profiles were collected for the MOFs by heating from room temperature to 800 °C under an air atmosphere. TGA was used to assess how the thermal stability of 1 is influenced by the addition of different modulators during synthesis ( Figure S7 ). The TGA profiles reveal that the overall thermal stability is not influenced by the choice of modulator with all materials undergoing thermal decomposition at ~500 °C. There are obvious differences in the profiles of the samples below the point of thermal decomposition, although this is heavily influenced by the amount of solvent that is occluded within the pores.
However, it is interesting to note that 1-AA undergoes a significant mass loss between 300-450 °C and this mass loss presumably corresponds to the removal of residual acetate.
1 H NMR spectroscopy of acid digested (DMSO-d 6 /D 2 SO 4 ) samples of 1 was used to investigate the level of modulator incorporation ( Figure S8 ). 1-AA was collected after N 2 sorption experiments, acid digested and analysed by 1 H NMR spectroscopy to determine whether the amount of acetate changed during activation ( Figure   S9 ). 1 H NMR spectroscopy unambiguously shows that the level of acetate remains constant within 1-AA during N 2 sorption experiments and associated activation procedures (heating at 170 °C for 12 hours under vacuum). Since the acetate is not removed during activation this suggests it is either physically trapped within the MOF or that it is covalently attached. The effect of the acetic acid during synthesis is not clear; however it is evident that removal of residual acetate is not required for the creation of mesopores. As such the mesoporosity of 1-AA is likely due to the presence of acetate capped defects.
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To investigate the presence of defects in more detail, syntheses of 1 were carried out under the same conditions as in Section S2 but with different quantities of the acetic acid (AA) S15 modulator added. The resulting MOFs were analysed by PXRD and N 2 adsorption isotherms as shown in Figure S10 . The PXRD patterns ( Figure S10a ) of the varying samples of 1 show that addition of AA enhances crystallinity, but in quantities greater than 45 equivalents 1 no longer forms, and presumably unreacted bpdc ligand is isolated. The N 2 adsorption isotherms ( Figure S10b) show that modulation also enhances uptake, with the sample modulated by 15 equivalents of AA showing the highest uptake in the micropore region, although the mesoporosity of the sample modulated by 30 equivalents of AA leads to a higher pore volume. The mesoporosity is maintained by the sample modulated by 45 equivalents of AA but the porosity is much decreased.
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S5. SEM of 1
Scanning electron microscopy (SEM) images were collected to discern the differences observed by PXRD, TGA, 1 H NMR spectroscopy and N 2 uptake experiments for 1-AA compared with the other materials ( Figure S11 ). Figure S11 . SEM images of a) 1, b) 1-HCl, c) 1-AA (two different zoom levels) and d) 1-Lproline (two independent regions).
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SEM images of the different samples of 1 reveal that different particle morphologies are obtained in the presence of different modulators. In the absence of a modulator, lozenge shaped crystals of varying sizes result ( Figure S11a ), while when HCl is used larger blocky aggregates of crystals with smoother surfaces are obtained ( Figure S11b ). The images of 1-AA show the most pronounced differences, with smooth plate like entities intertwining to form larger spherical aggregates ( Figure S11c) . Similarly, L-proline appears to induce different particle morphologies with aggregates of crystals observed to form larger hexagonal columns that further aggregate into clumps ( Figure S11d ). All four samples of 1 display similar PXRD patterns ( Figure S1 ), confirming retention of the overall framework structure despite morphological changes.
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S6. Synthesis of 2
Identical modulation conditions to those employed for the synthesis of 1 were used for the synthesis of 2, however, only the HCl modulated sample (2-HCl) was crystalline and so HCl modulation was used for the synthesis of both bulk and single crystal samples.
Bulk 2-HCl
Scandium nitrate hydrate (0.085 g, 0.28 mmol, 1 eq), bpydc-H 2 (0.068 g, 0.28 mmol, 1 eq) and DMF (6.25 ml) were added to a 25 ml PYREX reagent bottle. HCl (0.025 ml) was added, the jar was sealed and sonicated to aid homogeneous distribution of the reagents. The resulting white suspension was placed in the oven at 120 °C for 24 hours. The bottle was removed from the oven after this period and allowed to cool to room temperature. The product was collected by centrifugation and left to stand in fresh DMF (10 ml) overnight. The product was collected by centrifugation and the DMF was exchanged for acetone. The acetone was exchanged 3 times over 3 days. The product was collected by centrifugation and placed in a vacuum desiccator to dry.
Single Crystals of 2-HCl
Single crystals of 2-HCl were synthesised according to bulk synthesis conditions except upon cooling to room temperature the reaction DMF was exchanged for fresh DMF and the crystals were left to stand until they were analysed by SCXRD.
Crystal data for 2-HCl. 
S7. Characterisation of 2
PXRD analysis of the modulated samples of 2 revealed that only the HCl modulated material (2-HCl) was crystalline. The PXRD patterns of 1-HCl and 2-HCl are compared to evaluate their structural similarities ( Figure S12 ). Figure S13 ). Figure S13 . Comparison of the predicted and experimental PXRD patterns of 2-HCl.
There are significant differences between the predicted and experimental PXRD patterns of 2-HCl. Compared with the predicted pattern, in the experimental pattern major peaks move to higher angles of 2θ, indicating a decrease in unit cell dimensions during activation/drying. This is in contrast to 1 where 2-fold interpenetration increases its structural rigidity meaning that the predicted and experimental PXRD patterns are in excellent agreement ( Figure S2 ). It is well known that flexible MOFs can transition between open pore and closed pore states (and anywhere in between) S13 and hence the reason the predicted and experimental patterns of 2-HCl are not in close agreement is likely due to the material adopting a closed pore form.
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Pawley fitting of the PXRD pattern of 2-HCl was attempted, but the presence of additional peaks, likely impurity phases or breakdown products, resulted in an unsatisfactory refinement (R wp = 33.35%, Figure S14 ). The first two major peaks at low angle could correspond to a hexagonal cell (a = 15.4 Å, c = 19.3 Å) which would indicate significant contraction. SEM imaging of 2-HCl ( Figure S15 ) showed the presence of two phases, the second was found to be a new MOF (see Section S8). Figure S15 . SEM images of a) 2-HCl, and b) a zoomed in region with blocky crystals of a second phase distinct from 2, which may represent 3.
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The thermal stability of the non-interpenetrated flexible 2-HCl was also examined ( Figure   S16 ). Figure S16 . TGA profile of 2-HCl.
The TGA profile of 2-HCl reveals that after a mass loss around 300 °C it is thermally stable to ~500 °C, similar to samples of 1. Therefore, it can be concluded that the level of interpenetration does not significantly influence the MOFs thermal stability.
N 2 uptake experiments performed on bulk samples of 2-HCl revealed that the MOF is nonporous, further suggesting that the activated bulk powder exists in a closed pore state.
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S8. Crystal Structure of 3
A single crystal of 3 was serendipitously isolated from a batch of crystals containing 2-HCl.
Crystal data for 3. The parent and metallated structures are presented in Figure S18 . Figure S18 . Comparison of the crystal structures of 2 and 2-CuCl 2 . H atoms removed for clarity, all partially occupied CuCl 2 positions displayed; C atoms grey, O atoms red, N atoms blue, Cl atoms green, Sc atoms silver spheres; Cu atoms bronze spheres.
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2-CuCl 2 was analysed by SEM imaging to determine whether the particle morphology observed for 2-HCl ( Figure S15 ) could shed light on the apparent non-crystallinity of bulk samples of 2-CuCl 2 despite the solvated crystal structure being obtained ( Figure S19 ). Figure S19 . SEM images of two independent regions of 2-CuCl 2 .
Unsurprisingly the SEM images of 2-CuCl 2 reveal lozenge shaped crystals, similar to the parent material ( Figure S16 ), while closer inspection of their surfaces shows that they are cracked and their ends are rough.
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S10. Crystallographic Data Mining
The CSD S14 (version 5.38, Nov 2016, including Nov 16, Feb 17 and May 17 updates) was searched using CCDC ConQuest S15 Version 1.19 (build RC1) for the fragments in Scheme S1.
Scheme S1. Search fragments used to mine torsion angle data from the CSD. If protons are not shown on a carbon atom, then substituents were allowed.
The hits were limited to organic-only structures using the search function, to preclude structures with metals coordinated to either the nitrogen donors of the bipyridyl unit or the aromatic rings of the biphenyl units, both of which could modify the orientation of the aromatic rings with respect to each other. The four possible torsion angles around the 1-1′ bonds in the biphenyl (C 1 -C 2 -C 5 -C 4 ; C 1 -C 2 -C 5 -C 6 ; C 3 -C 2 -C 5 -C 6 ; C 3 -C 2 -C 5 -C 4 ) and bipyridyl (C 1 -C 2 -C 3 -C 4 ; C 1 -C 2 -C 3 -N 2 ; N 1 -C 2 -C 3 -C 4 ; N 1 -C 2 -C 3 -N 2 ) fragments were collected during the search, yielding 2950 hits for the biphenyl and 1243 hits for the bipyridyl fragment. The data were analysed in Mercury CSD Version 3.9 S1 (build RC1); the angles were exported, converted to absolute values, and histograms generated using Origin Pro 2016 (64 bit) Sr2 b9.3.2.303.
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S11. DFT Calculations
All calculations were performed with the program Gaussian 09 S16 at the density-functional level of theory. The M06-2X exchange-correlation functional S17 was used throughout, which yields reliable energies and structures for main-group compounds S18, S19 and is able to account for dispersive interactions. M06-2X is a hybrid meta-GGA with 54% global exact-exchange admixture. The def2-TZVP basis set S20 was used in all calculations. In the models of the bpdc and bpydc linkers, the metal ions coordinated by the carboxylates were modelled by sodium ions, which afforded charge-neutral models. The torsional energy profiles for rotation about the central 1-1′ bond were started from fully optimised structures of the respective molecule;
the dihedral angle was scanned in 18 steps of 10°, which covers the full torsional space due to the symmetry of these molecules ( Figure S20 ). The torsional profiles for the disodiated linkers are essentially identical to those of the unsubstituted parent molecules, biphenyl and 2,2′-bipyridine.
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Figure S20. Calculated torsional energy profiles (M06-2X/def2-TZVP) for the disodiated linkers bpdc (red) and bpydc (blue) based on rotation of the central 1-1′ bond.
